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® Blcflmctfonalpowerfetwithsu 

@ Bidirectional power FET structure is disclosed with high 
OFF state voltage blocking capability. A shielding electrode 
(40) is insulated between first and second gate electrodes 
(34, 36) in a notch between laterally spaced source regions 
(50, 52) and channel regions (58, 60) joined by a common 
drift region (62) around the bottom of the notch (98). The 
shielding electrode is ohmically connected to the substrate 
(4) containing the common drift region to be at the same 
potential level thereof and within a single junction drop of 
^ a respective main electrode (64. 66) across the junction (68, 
^ 72) between the respective channel containing region and 
the drift region. The steering diode function for referencing 
ffk the shielding electrode is performed by junctions already 
J*J present in the Integrated structure, eliminating the need for 
w discrete dedicated steering diodes. The shielding electrode 
(O prevents the electric field gradient toward the gate elec- 
trode on one side of the notch from Inducing depletion In the 
drift region along the opposite side of the notch. This 
prevents unwanted inducement of conduction channels in 
the drift region during the OFF state of the FET. 
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BIP I RECTIQNAL POWER PF.T WITH firrefiTP& T E— REPRRRWPRn «m TF tT ,ft 

Technical ri»1^ 

The invention relates to power switching semi- 
conductors, and more particularly to power MOSFETs 
(metal oxide semiconductor field effect transistors) , 
and the like. 
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ftackgrmind and Summary 

The present invention provides an improvement 
over subject matter disclosed in our copending Applica- 
tion Serial Number 390,479 filed June 21, 1982, entitled 
5 "Lateral Bidirectional Shielded Notch PET". Our copend- 
ing application discloses lateral power PET structure 
which is bidirectional, i.e. current can flow in either 
direction when the device is in the ON state, whereby to 
afford AC application. Voltage blocking capability is 
10 increased fay a notch gate structure and a shielding 

electrode. A notch extends downwardly from a top major 
surface to separate left and right source regions and 
left and right channel regions, and direct the drift 
region current path between the channels around the bot- 
15 torn of the notch. First and second gate electrodes are 
provided along opposite sides of the notch proximate the 
channels for controlling bidirectional conduction. 

A shielding electrode is insulated between the 
first and second gate electrodes. In the OPF state, the 
20 shielding electrode shields the right notch edge drift 
region portion from electric field gradients from the 
left gate electrode. This prevents the left gate elec- 
trode from causing attraction of given polarity carriers 
in the drift region towards the right edge of the notch, 
25 which in turn prevents unwanted notch edge drift region 
depletion and inducement of conduction channels. The 
shielding electrode likewise shields the left notch edge 
drift region portion from electric field gradients from 
the right gate electrode in the OFF state, to prevent 
30 unwanted depletion and inducement of conduction channels 
in the drift region. 

The present invention affords optimal utiliza- 
tion of the integrated structure. PN junctions already 
present in the integrated structure are additionally 



0205633 

-3- 



used to provide the steering diode function for referenc- 
ing the shielding electrode to the appropriate potential. 
This eliminates the need for dedicated discrete diodes. 
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«ri»f DeB r '-r<ptiQn of the Drawings 

Pig. 1 is a schematic sectional view of bidi- 
rectional power PET structure constructed in accordance 
with the invention. 

Pigs. 2-6 show the preferred processing of 

the structure of Pig. 1. 

Pigs. 7 and 8 show alternate embodiments of 

Pig. 1. 
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De tailed Description 

Pig. 1 shows lateral bidirectional power PET 
structure 2. PET structure 2 includes a substrate 4 of 
one conductivity type, for example n type, having a top 
5 major surface 6. A p layer 8 is diffused into the sub- 
strate from top major surface 6, or epitaxially grown, 
to a predetermined depth forming a first top layer, a 
second top layer 10 is formed in first top layer 8 by 
ion implantation and/or diffusion from top major surface 
10 6, or epitaxial growth, of n+ layer 10 to a given depth. 

A plurality of notches 12, 14, 16 and so on, 
are formed in the substrate from top major surface 6 
through n+ top layer 10 and p layer 8 into substrate 
region 4. These notches may be anisotropically etched, 
15 as known in the art; C. Hu, "A Parametric study of Power 
MOSFETs", IEEE Electron' Device Conference, Paper CH1461- 
3/79, 0000-0385; IEEE Transactions Electron Devices, 
Vol. ED-25, No. 10, October, 1978; and Ammar and Rogers, 
"UMOS Transistors on Silicon", Transactions IEEE, ED- 27, 
20 pages 907-914, Hay, 1980. Alternatively, the notches 
may be formed by a porous silicon region in accordance 
with the known anodization technique of passing a fixed 
current through the localized region in the presence of 
concentrated hydrogen fluoride to create a structural 
25 change in the silicon which remains single crystalline 
with the substrate but becomes porous. In the case of 
anisotropic etching, the bottom of the notch is filled 
with insulative material, in the case of anodization, 
the substrate is subjected to an oxidizing atmosphere 
30 such that the oxygen enters the pores in the porous 
notched regions and rapidly oxidizes these regions as 
shown at 18, 20, 22 and so on, which regions are still 
single crystalline with substrate 4 but substantially 
nonconductive. Before or after the anodization, the 
35 notches are etched down to respective levels 24, 26, 28 
and so on. 
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In notch 12, silicon dioxide insulating layers 
30 and 32 are grown along the inner facing surfaces of 
the notch. First and second gate electrodes 34 and 36 
are then formed along the left and right vertical sides 
5 of the notch, as by shadow evaporation of conductive 
material such as aluminum from an angle or low pressure 
chemical vapor deposition (LPCVD) of polysilicon. 
Another insulating oxide layer 38 is provided along the 
facing sides of the gate electrodes and along the bottom 
10 of the upper notch section, as by chemical vapor deposi- 
tion. A shielding electrode means 40 is then deposited 
in the notch and is insulated between the gate elec- 
trodes by insulating layer 38. Another oxide layer 42 
is then deposited over the shielding electrode 40. The 
15 insulated gating and shielding structure in notches 14 
and 16 is comparable. Each of shielding electrodes 40, 
44, 46 and so on, are ohmically connected by connection 
48 to substrate 4. 

Notch 12 extends from top major surface 6 down- 
.20 wardly through top layer 10 and first top layer 8 into 
substrate region 4. Notch 12 separates the second top 
layer 10 into first and second left and right source 
regions 50 and 52 and extends therebetween. Notch 12 
separates the first top layer 8 into first and second 
25 regions 54 and 56 having left and right channel regions 
58 and 60 and extends therebetween. The substrate 
region 4 around the notch forms a drain or drift region 
62 of the substrate. 

Main electrode metal ization 64 is deposited on 
30 top major surface 6 in an anisotropically etched groove 
extending into and through source region 50 and into p 
region 54 having channel 58. Main electrode 64 ohmi- 
cally contacts source 50 and channel containing region 
54. Main electrode metalization 66 is comparably 
35 deposited on top major surface 6 in an anisotropically 
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etched groove and ohmically contacts source 52 and 
channel containing region 56. 

Upon application of a positive voltage to gate 
electrode 34 with respect to left main electrode 64, 
5 electrons in p region 54 are attracted to channel region 
58 to invert the conductivity type therein to n type. 
This allows electron flow from n+ source region 50 
through channel 58 into drift region 62 of substrate 4. 
If right main electrode 66 is positive with respect to 

10 left main electrode 64, current may then flow from p 
region 56 momentarily across a forward biased PN junc- 
tion 68 into drift region 62, then through channel 58 to 
source region 50 and left main electrode 64. As soon as 
current starts to flow through the PET, the voltage 

15 across main electrodes 66 and 64 drops, which in turn 
reduces the potential in various regions of the PET, 
including portion 70 of p layer 56 adjacent the right 
PET channel 60. This falling potential causes carrier 
electron flow into channel region 60 because portion 70 

20 becomes negative relative to right gate electrode 36 at 
a given gate potential, whereby positive right gate 
electrode 36 attracts electrons into right channel 
region 60 to invert the conductivity type thereof to ri 
type, and hence render channel 60 conductive. Forward 

25 biased PN junction 68 conducts only momentarily until 
the second channel 60 turns ON. 

The main current path through PET 2 is from 
right main electrode 66 through right source region 52, 
downwardly through right vertical channel region 60 

30 along the right side of notch 12, then further down- 
wardly into drift region 62 along the right side of the 
notch, then around the bottom of notch 12, then upwardly 
along the left side of notch 12 in drift region 62 of 
substrate 4, then upwardly through left vertical channel 

35 region 56 along the left side of notch 12, then through 
left source region 50 to left main electrode 64. 
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The structure is bidirectional, and thus cur- 
rent may also flow from left main electrode 64 to right 
main electrode 66 when right gate 36 is positive with 
respect to right main electrode 66. Electrons in p 
5 layer 56 are attracted into channel region 60 by gate 36 
to thus invert channel region 60 to n type and hence 
allow electron flow from n+ source region 52 through 
channel 60 into drift region 62 in substrate 4. If left 
main electrode 64 is positive with respect to right main 
10 electrode 66, current then flows from p layer region 54 
momentarily across forward biased KJ junction 72 until 
• channel 58 turns ON. The main current path is from left 
main electrode 64 through left source 50, through left 
channel 58, through drift region 62, through right chan- 
15 nel 60, through right source 52 to right main electrode 
66. Main electrode 66 thus serves as an electron cur- 
rent source when a negative voltage is applied thereto 
relative to the voltage on main electrode 64, and serves 
as an anode when a positive voltage is applied thereto 
20 relative to the voltage on main electrode 64. 

The application of electrical gate potential 
to gate electrodes 34 and 36 enables them to produce 
electric fields of sufficient intensity to invert the 
conductivity type in the first and second channel 
25 regions 58 and 60. Upon application of voltage of 

either polarity to the first and second source regions 
50 and 52, electric current can flow in a respective 
corresponding direction between them, under control of 
the electrical gate potential of the gate electrode 
30 means 34 and 36. The current flow between spaced apart 
regions 50 and 52 is controllable by controlling the 
electric fields in channel regions 58 and 60, which in 
turn are controllable by controlling the electric poten- 
tial on the gate electrode means 34 and 36. 
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In the absence of gate potential on gate elec- 
trodes 34 and 36, channel regions 58 and 60 are p type, 
and the device is in a blocking OFF state. Current from 
main electrode 64 to main electrode 66 is blocked by 
5 junction 68. Current flow in the other direction from 
main electrode 66 to main electrode 64 is blocked by 
junction 72. 

Bidirectional FET 2 may be used to control AC 
power. Fig. 1 schematically shows a load 74 and a 

10 source of AC power 76 connected across main electrodes 
66 and 64. Gate electrode 34 is connected by a gate 
terminal 78 to a source of gate potential 80 through 
switch means 82. Gate electrode 36 is connected by a 
gate terminal 84 to a source of gate potential 86 

15 through switch means 88. In the ON state of FET 2, 

switches 82 and 88 are in an upward position such that 
given polarity gate potential is applied to gate elec- 
trodes 34 and 36. The gate potential is higher than the 
most negative of the main electrodes in each half cycle. 

20 When main electrode 66 is positive with respect 

to main electrode 64, as driven by AC source 76, gate 
electrode 34 is positive with respect to negative main 
electrode 64 connected to source region 50 and p region 
54 containing channel 58. Hence, channel 58 is inverted 

25 to n type and conduction occurs, i.e. current flows from 
positive main electrode 66 through source region 52, 
through channel 60, through drift region 62 around the 
bottom of notch 12 in substrate 4, through channel 58, 
through source 50 to negative main electrode 64 and 

30 through load 74. 

In the other half cycle of the AC source 76, 
main electrode 64 is positive with respect to main elec- 
trode 66, and gate electrode 36 is positive with respect 
to negative main electrode 66 connected to source 52 and 

35 p layer region 56 containing channel 60. Conduction is 
thus enabled through channel 60, and current flows from 
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positive main electrode 64 through source 50 , through 
channel 58 , through drift region 62 around the bottom of 
notch 12 in substrate 4, through channel 60 r to source 
52 and main electrode 66. 
5 Shielding electrode means 40 prevents electric 

field divergence induced depletion in drift region por- 
tions 90 and 92, which in turn prevents unwanted induce- 
ment of conduction channels in the drift region during 
the OFF state. This enables the use of nonfloating 
10 gates, i.e» the referencing of gate electrodes 34 and 36 
to the same potential level of one or more of the main 
electrodes in the OFF state of FET 2. In the OFF state 
of FET 2 r switches 82 and 88 are in the downward posi- 
tion, connecting gate terminal 78 through reverse block- 
15 ing diode 94 to main electrode 64, and connecting gate 
terminal 84 through reverse blocking diode 96 to main 
electrode 66. 

in the OFF state of FET 2 and during the first 
half cycle of AC source 76, the voltage on main elec- 
20 trode 66 rises positively with respect to main electrode 
64. Junction 68 is forward biased and thus the poten- 
tial level in the drift region of substrate 4 below 
junction 68 is at substantially the same level as elec- 
trode 66, namely within one junction drop of the latter. 
25 Left gate electrode 34 is relatively negative since it 
is tied through diode 94 to electrode 64 and the other 
side of the AC source. There is thus an electric field 
gradient established between right region 92 and the 
left gate electrode 34. The potential level along the 
30 left side of notch 12 in substrate 4 is at a very low 
level and increases as one moves vertically downwardly 
along the left edge of notch 12. The electric field 
gradient between the left and right edges of notch 12 
causes attraction of given polarity carriers from sub- 
35 strate 4 into region 92. 
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As the positive voltage on right main elec- 
trode 66 rises higher, drift region portion 92 becomes 
more positively biased relative to left gate electrode 
34 , and the electric field gradient causes attraction of 
5 holes toward, and depletion of electrons away from, 
drift region portion 92. If the carrier concentration 
becomes great enough, the conductivity type of portion 
92 is inverted to p type such that conduction occurs 
through an induced p channel along portion 92 around 

10 notch 12. A conduction channel so formed extends around 
to the left side of the notch, and junction 72 looses 
its reverse blocking ability, whereby PET 2 can no 
longer block voltage in its OPP state from source 76. 

Shielding electrode 40 is connected by connec- 

15 tion 48 to substrate 4 to be at the same potential level 
thereof and within one junction drop of main electrode 
66, across junction 68. As the potential of main elec- 
trode 66 and thus substrate region 4 and drift region 
portion 92 rises, so also does shielding electrode 40. 

20 Shielding electrode 40 is insulated between gate elec- 
trode 34 and drift region portion 92 to thus shield the 
latter from the electric field gradient of the left gate 
electrode 34. Shield 40 thus prevents an electric field 
gradient from being established at drift region portion 

25 92, whereby to prevent attraction of holes to the right 
edge of notch 12 at portion 92 below junction 68. As 
the potential level in drift region portion 92 rises, so 
does the potential level of shield 40, whereby the rela- 
tively negative left gate electrode 34 no longer affects 

30 the conductivity characteristics of drift region portion 
92. Shield 40 thus prevents unwanted inducement of 
conduction channels in the drift region during the OFF 
state. 

During the second half cycle of source 76, and 
35 during the OFF state of FET 2, left main electrode 64 

rises positively with respect to right main electrode 66. 
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Shield electrode 40 is connected by connection 48 to 
substrate 4 and rises positively therewith. Shield 40 
and substrate 4 are at substantially the same potential 
as left main electrode 64, namely within a single junc- 

5 tion drop thereof across junction 72. As the potential 
of left main electrode 64 becomes greater, so does the 
potential level of drift region portion 90 of substrate 
4 due to the single junction drop thereto across junc- 
tion 72. This potential rises positively with respect 

10 to right gate electrode 36 which is connected to nega- 
tive right main electrode 66 through diode 96. If the 
applied voltage becomes great enough, the relatively 
negative right gate electrode 36 would establish a large 
enough electric field gradient across notch 12 to effect 

15 conductivity inversion and induce a conduction channel 
in drift region portion 90. Shield 40 prevents this 
unwanted inducement of conduction channels during the 
OFF state in the drift region. Shield electrode 40 is 
between right gate electrode 36 and drift region portion 

20 90 and is at substantially the same potential level as 
left main electrode 64, and thus shields drift region 
portion 90 from any electric field gradient caused by 
right gate electrode 40. 

Junctions 68 and 72 perform a steering diode 

25 function for referencing shield electrode 40. These 
junctions are already present in the integrated struc- 
ture and the additional use thereof for steering pur- 
poses eliminates the need for dedicated discrete diodes 
to perform the steering function. The structure thus 

30 affords nigh OFF state voltage blocking capability with 
simplified structure and a reduced number of components. 

Higher OFF state voltage blocking capability 
is further afforded by the increased drift region cur- 
rent path length. The current path between the main 

35 electrodes extends from each source region downwardly 
through the channel regions and downwardly and around 
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the bottom 98 of the notch. This increases the drift 
region current path length and affords higher OFF state 
voltage blocking capability without increasing the late- 
ral dimension along top major surface 6, whereby to 
afford high density, high voltage bidirectional FET 
structure with relatively low ON state resistance. 

As seen in Fig. l r a plurality of FETs are 
afforded in the integrated structure. N+ top layer 10 
and p layer 8 are split and separated into laterally 
spaced respective source regions and channel regions by 
respective notches 14 and 16. Main electrode metal iza- 
tions are provided comparably to that described, and 
connected in series In the AC load line, or in parallel 
as shown in Fig. 1. Left gate electrodes 102 and 104 
are connected in parallel with left gate electrode 34 to 
gate terminal 78. Right gate electrodes 106 and 108 are 
connected in parallel with right gate electrode 36 to 
gate terminal 84. Shielding electrodes 44 and 46 are 
connected in parallel with shielding electrode 40 to 
substrate 4 by connection 48. 

Main electrode 66 provides the source elec- 
trode for the FET to the left around notch 12, and also 
provides the source electrode for the FET to the right 
around notch 14. Main electrode 110 provides the drain 
electrode for the FET around notch 14, and also provides 
the drain electrode for the FET around notch 16. In the 
other half cycle of AC source 76, the roles of elec- 
trodes 66 and 110 are reversed, i.e. electrode 66 is the 
drain for its left and right FETs around respective 
notches 12 and 14, and electrode 110 is the source for 
its respective left and right FETs around respective 
notches 14 and 16. Alternate electrodes 64, 110 and so 
on, are thus connected to one side of the AC source, and 
the other alternate electrodes 66, 112 and so oh, are 
connected to the other side of the AC source. 
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There is thus shown a lateral bidirectional 
shielded notch FET with a substrate-referenced shield, 
including: a first source region 50 of one conductivity 
type; a first channel region 58 of opposite conductivity 
5 type forming a junction 114 with first source region 50; 
a drift region 62 of the one conductivity type forming 
another junction 72 with the first channel region 58; a 
second channel region 60 of the opposite conductivity 
type forming a junction 68 with drift region 62; a 

10 second source region 52 of the one conductivity type 
forming a junction 116 with second channel region 60; a 
notch 12 extending between and separating the first and 
second source regions 50 and 52 and the first and second 
channel regions 58 and 60, and extending into drift 

15 region 62 in substrate 4; first insulated gate means 34 
in notch 12 proximate first channel 58 and adapted for 
application of electrical potential for producing elec- 
tric fields of sufficient intensity to invert the con- 
ductivity type in first channel region 58; second insu- 

20 lated gate means 36 in notch 12 proximate the second 
channel 60 and adapted for application of electrical 
potential for producing electric fields of sufficient 
intensity to invert the conductivity type in the second 
channel region 60; shielding means 40 in notch 12 insu- 

25 lated between the first and second gate means 34 and 36 
and ohmically connected at connection 48 to substrate 4 
to be at the same potential level thereof for preventing 
electric field gradient induced depletion in drift 
region portions 90 and 92 along the edges of notch 12; 

30 first and second main electrodes 64 and 66 ohmically 
contacting their respective source regions and channel 
containing regions such that in the OFF state the poten- 
tial of drift region portions 90 and 92 of substrate 4 
are within a junction drop of their respective main 

35 electrodes thereabove, across respective junctions 72 
and 68; whereby upon application of voltage of either 
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polarity to the first and second source regions 50 and 
52 electric current can flow in a respective correspond- 
ing direction between them, under control of the elec- 
trical potential of the gate means, the conductive cur- 
5 rent path through drift region 62 traversing along one 
side of notch 12 then around the bottom end 98 thereof 
then along the other side of notch 12, and such that in 
the absence of electric gate potential, shielding means 
40 prevents unwanted inducement of conduction channels 
10 in drift region 62. 

Pigs. 2 through 6 show the preferred process- 
ing of the structure of Pig. l, and like reference 
numerals are used where appropriate to facilitate 
clarity. Starting with a lightly doped n- substrate 4 

15 in Pi 9£ 4 2 » for example having a donor density of about 
5 x 10 donor atoms per cubic centimeter, p type epi- 
taxial layer 8 is provided with boron at a density of 
about 5 x 10 17 donor atoms per cubic centimeter, and 
having a depth of about 3 microns. A silicon nitrite 

20 insulating layer 117, Pig. 3, is then deposited, fol- 
lowed by plasma etching to yield notch hole 12 down to 
level 24. After removal of the silicon nitrite, the n+ 
layer 10, Pig. 4, is then applied by ion implantation of 
arsenic, antimony, or the like, normal, i.e. 90°, to the 

25 substrate, followed by annealing to activate the implant 
and provide a depth of about 1 micron. 

Porous silicon region 18, Pig. 5, is then 
formed by anodization in the presence of hydrogen fluo- 
ride. Contacts are placed on the top and bottom sur- 

30 faces, and because of the PN junctions, current will 
only pass through the notch hole 12 to thus provide 
selective anodization through vertical region 18. A 
structural change is created in the silicon which 
remains single crystalline with substrate 4 but becomes 

35 porous. The depth of porous silicon region 18 at the 
bottom notch edge 98 is about 15 microns below top major 
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